WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 

C08F 230/02, 228/02, 8/40, D21H 17/34 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 00/S996S 

12 October 2000 (12.10.00) 



(21) International Application Number: PCT/IB 99/02 1 0 1 

(22) International Filing Date: 22 December 1999 (22.12.99) 



(30) Priority Data: 
09/286,742 
09/286,745 



6 April 1999 (06.04.99) US 
6 April 1999 (06.04.99) US 



(71) Applicant: MINERALS TECHNOLOGIES INC. [US/US]; The 
Chrysler Building, 405 Lexington Avenue, New York, NY 
10174 (US). 

(72) Inventors: DRUMMOND, Donald, Kendall; 1715 Canary 
Road, Quakertown, PA 18951 (US). WERNETT, Patrick, 
Clinton; 645 Center Hill Road, Upper Black Eddy, PA 
18972 (US). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH. CN, CU. CZ, DE, DK, EE. ES, FI, GB, 
GD, GE. GH, GM, HR, HU, ID, IL. IN, IS, JP, KE, KG, 
KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK. 
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, 
SK, SL, TJ, TM, TR, TT, UA, UG, UZ, VN, YU, ZA, ZW, 
ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ, TZ, 
UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, TJ. TM), European patent (AT, BE, CH, CY, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG. CI, CM, GA. GN, GW, ML, MR, 
NE, SN, TD. TG). 



Published 

With international search report. 



(54) Title: BIFUNCTTONAL POLYMERS 
(57) Abstract 

Novel polymers are provided having phosphonated and sulphonated substituent groups such that the polymer is multifunctional in its 
use. Optional amide substituents are used to reduce electrostatic charge density or for hydrogen bonding. An advantage of the polymer is 
the flexibility of using it for multiple purposes. A particular application is for bonding paper fillers and paper fiber together. 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







PCT/IB99/02101 



WO 00/59965 1 



rrr:r=r. 

, - in oart by paper strength losses as filler 

producUoncosBByr P 0( presses vm fiMr 

„ paper make- ~* ™~ ^.cafion. we, errf add 

Historically. «he P3P- ^ tevels „ paper. r*r £ en(J 

Flbe r modif.cat.ons have .nclua 

„ _ — -7 — sr-t ~ 

ES£!E£&4IB1ABI j oaoer products having improved 

,„ us Paten. No. 3.7097=0. there is " ^a cLn-oase, cornpoond o, a 
30 ln U ' 5 „ t0 , ne cellulose paper dispersio 

^^*7 2 T^lide— prop— ic aad (AMPS, 
graft copolymer of 2-acry'a 

substrate. „.,vlamido sulfonic acids, 

, M 3 602 673, there Is disclosed polymers of acrylam 

* U S ' flocculants for agoeous systems, 

and their salts, which are use 



SUBSTITUTE SHEET (RULE 



# • 

WO 00/59965 PCT/IB99/02101 

2 

In U.S. Patent No. 4,555, 558, there is disclosed water soluble terpolymers of AMPS; 
N,N-dimethylacrylamide; and acrylonitrile. These terpolymers are reported to provide high 
temperature fluid loss additives and rheology stabilizers for high calcium-containing brine clay 
drilling fluids. 

In U.S. Patent No. 3,926,718, there is disclosed the use of water-soluble block polymers 
having blocks derived from a water-soluble monomer and blocks derived from N-vinyl 
pyrrolidone. These polymers are reported to perform as drainage and retention aids for paper 
webs where the polymer is added to a pulp slurry. 

In U.S. Patent No. 5,075,401, there is disclosed a graft copolymer made by a free 
radical reaction mechanism. The copolymer uses polymeric units of acrylamide, acrylic acid 
and/or AMPS. 



15 SUMMARY OF THE INVENTION 

An object of the present invention is to provide a polymer having varied substituent 
groups having varied functions or utilities. One specific objective is to provide a polymer useful 
for binding mineral fillers, particularly to polysaccharide materials, such as paper pulps and the 

20 like. Another object is to provide a polymer useful as a binder in non-paper applications, such 
as rubbers, sealants, plastics, modifiers, pharmaceuticals etc. Such and other objectives are 
achieved in that the present invention provides novel polymers having phosphonated and 
sulphonated substituent groups such that the polymer is multifunctional in its use. Optional 
amide substituents are used to reduce electrostatic charge density or for increasing hydrogen 

25 bonding. An advantage of the polymer is the flexibility of using it for multiple purposes. Other 
advantages will be discerned by those skilled in the art in familiarizing themselves with this 
specification. 

DETAILED DESCRIPTION OF THE INVENTION 

30 

One embodiment of the present invention is a polymer composition having a polymeric 
core, one or more phosphonated substituents effective for bonding with an inorganic material, 
and one or more sulphonated substituents effective for bonding with a polysaccharide material. 

35 Preferably, the polymeric core comprises one or more polymer units selected from 

polymerizable monomelic units, such as by condensation or free radical methods, preferably 
from allylic units, epoxidic units, and vinylic units. The polymeric core can be composed of 
varying proportions or sequences of substituted or unsubstituted monomeric (or polymeric) 
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units of allylic units, epoxidic units and vinylic units. Not all allylic unit, epoxidic units, or vinylic 
units need be the same as the other respective allylic units, epoxidic units, or vinylic units, but 
they can be. Such difference can result from hydrolysis reactions, among others, and whether 
intended or not. Such allylic, epoxidic and vinylic units can have one or more of the 
phosphonated or sulphonated substituents attached before or after polymerization. Such units 
of the core can be repeating in a predictable sequence or repeat randomly. 

An allylic unit can be one derived from a compound with the moiety of CH 3 CH 2 = CH-. A 
preferred allylic unit is a polyacrylamide unit. The epoxidic unit can be one derived from a 
compound with the moiety of 



The vinylic unit can be derived from a compound with the moiety of CH 2 = CH-. A 
preferred vinylic unit is vinylphosphonate. Any one or more of the hydrogen atoms may be 
substituted before, during or after polymerization. The proportions of allylic units, epoxidic 
units, and vinylic units can vary widely, or a polymer can be composed of only one type of unit 
alone or various combinations thereof. Whether a polymer is made of only allylic units, only 
epoxidic units, only vinylic units or a combination of these types of units, the units of each type 
may be the same or different because of substitution. In a more preferred embodiment, the 
amount or proportion of the polyacrylamide units or the epoxidic units to the balance of the 
polymer composition is effective for reducing the electrostatic charge density of the polymer 
composition or for increasing the hydrogen bonding to the polysaccharide material or, more 
preferably, both. 

Polysaccharide materials include cellulose, starch and other similar natural and 
synthetic glycosidic-linked saccharides. Preferred polysaccharides are cellulose, more 
preferably wood fiber and bagasse; even more preferably, cellulosic fibers for paper production. 

In one embodiment, the present invention is a polymer composition comprising a 
various mixture of linking monomelic units, amide or epoxide monomeric units, phosphonated 
monomeric units and sulphonated monomeric units. 

The preferred linking monomeric unit can be represented by the formula - CH-CH(R 1 ) 
wherein R n is hydrogen, a halogen or a lower alkyl. 



O 



/ \ 



- CH -CH - 
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The cationic or neutrally charged amide monomeric unit can be represented by the 
formula: 

5 C(=0)- N(B)R,R 2 

I 

-CH 2 C- 
k 

10 wherein U C W is carbon; u O" is oxygen; "N" is nitrogen; "A" is an unsubstituted or substituted (C,- 
C 6 ) alkylene or a hydrogen, wherein the substituents are independently selected from (C^Ca) 
alkyls and halogens, "B" is hydrogen, hydroxy!, or ether; preferably hydrogen. The nitrogen, N, 
can also be a quaternary nitrogen, including, but not limited to, combinations of the groups 
above; and "R/ and "R 2 " are each independently hydrogen, halogen or a (C^Ca) alkyl. "A", if 

15 not hydrogen, is an (C^C e ) alkylene, e.g., methylene, ethylene, propylene, butylene, pentylene 
or hexylene. Such alkylenes can have a (C^Ca) alkyl substituent, e.g., methyl, ethyl or propyl. 
The halogen which can be a substituent on an alkyl or alkylene chain herein is selected from 
bromine, chlorine and fluorine atoms. For and R 2 , the (C^Ca) alkyls are methyl, ethyl and n- 
propyl. 

20 

The preferred epoxide monomeric unit can be represented by the formula 
-CHR-0-CH 2 , wherein R is hydrogen or lower alkyl or alkylene, e.g. alkylene having one to six 
carbon atoms. 

25 The preferred phosphonated monomeric unit can be represented by the formula 

A-P(=0)(-OD,)(-OD 2 ) 

. I 
-CH 2 -CH-, 

30 wherein T" is phosphorus; "O" is oxygen; and "A" is selected from an unsubstituted or 
substituted (C 0 -C 6 ) alkylene, wherein the substituent is independently selected from (C r C z ) 
alkyls and halogens, or from carbonyl (-CO-), carbonylaminos (-CO-NE-, where "E" hydrogen, 
hydroxyl, or ether), alkylenecarbonylaminos (e.g. -(CH 2 ) X -CO-NE-, where x is an integer), 
carbonylaminoalkylenes (e.g ; -CO-NE-(CH 2 ) x -), or alkylenecarbonylamino-alkylenes (e.g. - 

35 (CH 2 ) X - CO- NE- (CH 2 ) X -); and H D" is a hydrogen proton or a salt moiety selected from 
aluminum, calcium, iron, lithium, magnesium, potassium, sodium, titanium and zinc ions. When 
in a salt moiety, the substituents are such that results in an electronic balance for the 
substituent group. The "A" is an (C 0 -C 6 ) alkylene, e.g., nothing, methylene, ethylene, 
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propylene, butylene, pentylene or, hexylene. However, such preferred alkyienes can have one 
or more (C r C 3 ) alkyl substituent(s), e.g.. methyl, ethyl, or propyl. The halogen which can be a 
substituent on an alkyl chain herein is selected from bromine, chlorine, and fluorine atoms. 
Such halogens can be substituents on the alkylene chain also. When "A" is represented as - 
5 C(=0) - N(-E) - then E is hydrogen, hydroxyl, or ether; preferably hydrogen. The nitrogen, N, 
can also be a quaternary nitrogen, including, but not limited to, combinations of the groups 
above. 

When "D" is a hydrogen proton, - P0 3 - D can be represented as -P(=0)(-OH)(-OH). 
10 When "D" is a salt moiety, then -P0 3 - D can be shown by examples as 

-(P0 3 )~ 2 (Na* 1 ) 2 when sodium is the moiety; or 
-(P0 3 )* 2 (Ca* 2 ), when calcium is the moiety. 
"D" may also represent a pairing of hydrogen and salt moiety, e.g. -(P0 3 ) H* 1 Na*\ 

15 The inorganic material is preferably a mineral containing material such as that which can 

be used for a filler in paper or non-paper products as hereinafter described. Although such is 
contemplated in the present invention, the invention is not necessarily limited to such inorganic 
materials. In some preferred embodiments, the inorganic material is a filler or other additive for 
paper compositions. In yet other embodiments, the inorganic material is a filler or other additive 

20 for non-paper compositions, such as plastics. A preferred inorganic material is one derived 
from or made with calcium containing matter, such as some clays or natural calcium carbonate. 
Another preferred inorganic material is precipitated calcium carbonate. 

The preferred sulphonated monomeric unit can be represented by the formuia 
25 A-S^O^-OD,) 

I 

-CH 2 -CH-, 



wherein "S" is sulfur, M O w is oxygen; and "A" is selected from an unsubstituted or substituted 
30 (C 0 -C 6 ) alkylene, wherein the substituent is independently selected from (C r C 3 ) alkyls and 
halogens, or from a carbonyl ( CO-), carbonylaminos (-CO-NE-, where M E" hydrogen, hydroxyl, 
or ether), alkylenecarbonylaminos (e.g. -(CH 2 ) X -CO-NE-, where x is an integer), 
carbonylaminoalkylenes (e.g. -CO-NE-(CH 2 ) x -), or alkylenecarbonylaminoalkylenes (e.g. - 
(CH 2 ) X - CO- NE- (CH 2 ) X -); and "D" is a hydrogen proton or a salt moiety selected from 
35 aluminum, calcium, iron, lithium, magnesium, potassium, sodium, titanium and zinc ions. When 
in a salt moiety, the substituents are such that results in an electronic balance for the 
substituent group. The "A" is an (C 0 -C 6 ) alkylene, e.g., nothing, methylene, ethylene, 
propylene, butylene, pentylene or, hexylene. However, such alkyienes can have a (C^Ca) alkyl 
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substituent, e.g., methyl, ethyl, or propyl. The halogen which can be a substituent on an alkyl 
chain herein is selected from bromine, chlorine, and fluorine atoms. Such halogens can be 
substituents on the alkylene chain also. When "A" is represented as - C(=0) - N(-E) - then E is 
hydrogen, hydroxyl, or ether; preferably hydrogen. The nitrogen, N, can also be a quaternary 
nitrogen, including, but not limited to, combinations of the groups above. For example, when D 
is sodium, - S0 3 - D can be represented as - S0 3 'Na\ When D is ah alkyl group, - S0 3 - D can 
be represented as - S0 3 CH 3 . 

Non-limiting examples of the substituent groups are: 

I. Phosphonate Substituents 
-P0 3 H 2 -PO a (CH 3 ) 2 -P0 3 (H)(CH 3 ) 
-CH 2 P0 3 H 2 - CH 2 P0 3 (CH 3 ) 2 -CH 2 P0 3 (H)(CH 3 ) 
-C(=0)NHCH 2 P0 3 H 2 

II. Sulphonate Substituents 

- C(=0) NH CH 2 S0 3 H - C(=0) NH C(CH 3 ) 2 CH 2 S0 3 H 

- CH 2 C(=0) NH C(CH 3 ) 2 CH 2 SO s H - CH 2 C(=0) N(CH 3 )C(CH 3 ) 2 CH 2 S0 3 H 

20 III. Cationic or Neutrally Charged Amide Substituents 

- C(=0) NH 2 - CH 2 C (=0) NH 2 
-C(=0)NHCH 3 - C (=0) N* (CH 3 ) 3 

Preferably, the molecular weight of the composition having the above core and 
25 substituents ranges from about 100,000 to about 20,000,000. When produced without the 
optional cationic or neutrally charged amide substituent, the more preferred molecular weight 
ranges from about 500,000 to about 5,000,000. When produced with the optional cationic or 
neutrally charged amide substituent, the more preferred molecular weight is about 500,000 to 
about 5,000,000. 

30 

The composition of the present invention can be produced with varying proportions or 
ratios of the molar units of the phosphonated substituents, the sulfonated substituents, and the 
optional cationic or neutrally charged amide substituents. The molar unit ratio of phosphonated 
substituents to sulfonated substituents can range from about 99/1 to about 1/99, but is 
35 preferably from about 45/55 to about 1/99, more preferably from about 10/90 to about 1/99. 
When the optional cationic or neutrally charged amide substituents are present in the produced 
polymer, such substituents are preferably predominate in proportion to the other substituents, 
preferably in a ratio of about 1/1, more preferable about 10/1 or higher relative to the 
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phosphonated substituent. The ratio of the other two substituents to each other can remain as 
stated hereinabove. Accordingly, a preferred molar unit ratio of (cationic or neutrally charged 
amide substituents) to (sulphonated substituents) to (phosphonated units) is (from about 70 
[preferably about 85] to about 90) molar units of cationic or neutrally charged amide 

5 substituents to (from about 0 [preferably about 10] to about 30) molar units of sulphonated 
substituents to (from about 0 [preferably about 5] to about 10) molar units phosphonated units. 
For examples, molar unit ratios of cationic or neutrally charged amide substituents/sulphonated 
units/phosphonated units of 85/10/5, 89/10/1 and 90/9/1. Other exact ratios are also preferred 
when in the stated ranges. While the sequencing of the units may vary according to the 

10 intended use, there is no general requirement or preference and the invention is not to be 
limited to any particular sequence illustrated herein. Additionally, the terminal units of the 
polymer , as well as other units and substituents, can be other than the units or substituents 
described as long as the presence of such does not interfere with the benefits of the present 
invention. Similarly, some degree of cross-linking may occur, but preferably is substantially 

15 absent. 

In one preferred embodiment of the present invention the phosphonated substituent can 
be described as having the chemical structure of - P0 3 H; the sulphonated substituent as having 
the chemical structure of -C(0)NHC(CH 3 ) 2 CH 2 S0 3 H; and the cationic or neutrally charged 

20 amide substituent as having the chemical structure of -C(0)NH 2 . Such polymer can be 
synthesized by the polymerization of varying proportions of vinylphosphonic acid monomers; 
2 -acrylamido- 2 -methylpropanesulfonic acid monomers; and acrylamide monomers. The 
following Table 1 is a non-limiting illustration of the polymers and molecular weights possible. 
(Molecular weights can be determined by an intrinsic viscosity method, such as one using 

25 Mark-Houwink-Sakurada constants.) 



30 



35 
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Table 1 



Polymer Composition 


Molecular 
Weight 


99% AMPS 1% VPA 


75,000 




125,000 




500,000 






89% PAM 10% AMPS 1% VPA 


500,000 




2,000,000 




5,000,000 






85% PAM 10% AMPS 5% VPA 


75,000 




500,000 




2.000.000 




5.000,000 



AMPS = 2-acrylamido - 2-methylpropanesulfonic acid monomers 
5 VPA = vinylphosphonic acid monomers 
PAM = polyacrylamide monomers 

A non-limiting example of one of the polymers of the present invention can be 
exemplified by the following polymer segment structure: 

10 

(HO-) 2 P=0 0=C-IMH 2 

I I 
[-C-C-C-C-C-C-C-C-C-C-C-C-] 

I 

15 HO - S(=0) 2 - CH 2 -C(CH 3 ) 2 - NH - C = O 

In a preferred embodiment, the phosphonated substituents are effective for bonding with 
a mineral filler. Such mineral fillers can be those typically used in paper making applications. 
Non-limiting examples of such fillers are clays, calcium carbonates (such as ground carbonates 
20 or precipitated calcium carbonates), and talcs. As will be understood, the phosphonated 
substituent(s) used and its(their) effectiveness will vary according to the type of paper making 
materials (e.g. pulps and/or fillers) and manufacturing conditions (e.g. temperatures, pressures, 
other chemicals) applied. "Bonding" as used herein may include either or both of an acid-base 
interaction and ionic bonding to create a useful amount of affixation or affinity between the 
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polymer and the mineral filler for the intended utility. Accordingly, bonding can be, but need not 
be, indicated by secondary measurements, such as retention or strength measurements in 
paper applications. 

5 In a preferred embodiment, the sulphonated substituents are effective for bonding with a 

polysaccharide material. Such polysaccharide material can be those typically used in paper 
making applications, such as starches, fibers, thickening agents and the like. Non-limiting 
examples of such fiber materials are wood, bamboo, bagasse or other cellulosic biomass. 
Starch examples are cationic or neutral waxy maize, potato, tapioca, converted or chemically 

10 modified starch, synthetic starch, and the like. Thickening agents are the carboxymethyl family 
of thickeners and the like. 

In another embodiment, the present invention is a polymer wherein the phosphonated 
substituents are effective for bonding with a mineral filler used for non-paper applications. In 

15 such application, the mineral filler is used in a composition which also contains material bonding 
with the sulphonated substituent of the polymer. Such non-paper applications can include, but 
are not necessarily limited to, applications involving natural and synthetic rubbers, sealants, 
plastics, paints (e.g. latex and emulsified), rheoiogy modifiers, pharmaceutical tablets, etc. 
Such materials can include casted or extruded non-paper materials containing cellular or 

20 polymeric or polysaccharide material suitable for effective bonding with the sulphonated 
substituent, such as fillers useful for bulk or strength purposes. 



The selection and amount of the optional cationic or neutrally charged amide substituent 
for reducing the electrostatic charge density and for hydrogen bonding will vary according to the 
25 selection of the phosphonated and sulphonated substituents. 

In another embodiment the present invention is a polymeric composition comprising the 
novel polymers described hereinabove, which polymeric composition can have wide and 
varying characteristics relating to average molecular weights, molecular weight distributions, 
30 charge density, and type of monomeric units. Depending on the application, these 
characteristics can be adjusted. For instance, in a desired application the average molecular 
weight might be 1,000,000 with 85% of the polymers having a molecular weight of 1,000,000 ± 
15%. As a further example, in another application, 85% of the polymers might have a 
molecular weight of 1 ,000,000 ± 50%. 

35 

Polymers can be classified as straight polymers and cross-linking polymers. Using 
known methods of analysis, such as Nuclear Magnetic Resonance Spectrocopy (NMR), the 
degree of cross-linking polymers (as a weight percent of the total composition) can be 



SUBSTITUTE SHEET (RULE 26) 



PCT/IB99/02101 



WO 00/59965 Dre sent invention has 

rt , ed >n a Pierre* e— , the more — 

less than about 5 weight percent, and e 

ofcr0 ss-iinKing Polymers. _ ^ phosphonated 

♦ of the present invention, insw ont invention has 

,„ «eu thereof a suDStitu whos phoric acid (e.g. sue 

0 . ^method .or 

polymer lo a paper fur™sn P pnos phooated monomers or au P ^ 

, 5 coming ~»— ^^monomers. Phosphonated rf . paper 

are tenders ~™ re '^ a " «,mpc*>n cap he pnor » 

25 ,s s*n*ed W « ~ com«na«on of po^raer and s»re n The ^ 

cap provtoe an equivalent reaon. Such starch can oe syrthetrc 

or oxid** format or organrc. au^aap aI rf s»r* 

p^ea. sue* as cattonfc wa» J ^ pe a, venous po«a „ w 

stre ng.h improvement 

35 , e „g*.mutien Pure, and Soot a oroces a for the Production of 

„=zs^-sr-- 



SUBSTITUTE SHEET (RULE 26) 



• 




WO 00/59965 



PCT/IB99/02101 



11 



polymers of the group consisting of acrylamide polymers, acrylamide polymers co-polymerized 
with a monomer containing a pendent sulfonic acid group or a phosphonic acid a group, and 
terpolymers of acrylamide co-polymerized with both a monomer containing a pendant sulfonic 
acid group and a monomer containing pendant phosphonic acid group. Such admixing occurs 
5 prior to or during the preparation of the furnish before providing the furnish to the paper 
machine. The sequence of the admixing can be before, during or after the addition of the 
starch and polymer compositions to the furnish, preferably before. When the starch and 
polymer composition is added to the furnish separately, the preferred order is to add the starch 
first. The polymer compositions are those described hereinabove. 



The preferred process comprises effectively admixing the starch and polymer 
compositions to produce a paper sheet having a strength unexpectedly significantly greater 
than when either the starch or polymer composition is used alone, preferably at least about 



15 100% greater. 

In another aspect, an embodiment of the present invention is a process comprising 
effectively admixing the starch and polymer composition to produce a paper sheet having an 
unexpected synergistic increase in strength over the strength when either starch or polymer 
20 composition is used alone. Such "Synergistic Increase" is measured by comparing the strength 
attained by the combination of starch and polymer composition over the absence of both starch 
and polymer composition in comparison to the additive sums of the separate increases in 
strength of each of the starch and polymer composition alone over the absence of both starch 
and polymer compositions in the formed paper. Stated in the form of an equation: 



SI = [(SC - SA)/(SA)] - [(SS-SA)/(SA) + (SP-SA)/(SA)] , wherein SI is the synergistic 
increase, SC is the strength of the paper with the combination of starch and polymer 
composition, SA is the strength of the paper in the absence of either starch or polymer 
composition, and SS and SP are the respective strengths of paper with starch and polymer 

30 composition alone. The presence of a meaningful value of SI (e.g. that over experimental 
artifacts) is considered significant and unexpected as indicative of a result better than additive 
effects. In a preferred embodiment, the synergistic increase is one such that no amount of 
additional polymer or starch alone when singularly present will provide the equivalent strength 
provided by the inventive combination of polymer and starch for a given weight percent of 

35 inorganic (e.g., filler) material. 

The amount of starch useable will vary in accordance with the particular furnish and 
paper being produced. Such amounts can typically range from about five to about fifty pounds 



10 



15% greater, more preferably at least about 50 % greater. Even more preferably at least about 



25 
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per ton of paper. Similarly, the amount of the polymer composition can typically range from 
about one to about ten pounds per ton of paper. 

The following examples are illustrations of methods of making the present invention, but 
are not intended to be limiting examples inasmuch as other methods are possible. 



EXAMPLE 1 

Preparation of Polvacrvlamide 



4083 milliliters of distilled water and 500 grams of acrylamide (97% pure by weight) are 
charged to a flask. The material is stirred while purging with nitrogen gas (commercial grade) 
for 5 minutes. The flask contents is heated to 70°C and the nitrogen purge is continued with 
the addition of a potassium persulfate solution (0.083 grams potassium persulfate and 83.3 
milliliters of distilled water). The flask contents is held at 70°C for one hour, then the 
temperature is elevated to 80°C until thickening commences. The temperature is reduced to 
75°C. After 30 minutes, the temperature is set to 80°C for one hour. A second potassium 
persulfate solution (0.333 grams of potassium persulfate and 83.3 milliliters of distilled water) is 
added. 3-4 minutes later, a sodium metabisulfite solution (0.167 grams of sodium metabisulfite 
and 83.3 milliliters of distilled water) is added. The flask temperature is held at 80°C while 
distilled water <of a 4167 milliliter amount) is added in amounts to avoid thickness. The flask is 
held at 80°C with water addition for about an hour, at which time a sampling is checked for 
residual monomer presence. If residual monomer presence is too much, continue holding at 
80°C until monomer amount is acceptable. Then add remaining water (of 4167 ml.) and mix 
well. Cool and recover. 

EXAMPLE 2 

Preparation Qf Polyacrylamide/AMPS (2-acrylamido - 2-methylpropane?ulfonic acid) 

4080 milliliters of distilled water, 368 grams of acrylamide (97% pure by weight); and 60 
grams of sodium AMPS solution (50% AMPS) are charged to a flask. The material is stirred 
while purging with nitrogen gas (commercial grade) for 5 minutes. The flask contents is heated 
to 70°C and the nitrogen purge is continued with the addition of a potassium persulfate solution 
(0.083 grams potassium persulfate and 83.3 milliliters of distilled water). The flask contents is 
held at 70°C for thirty minutes or until reaction commences. If no reaction within thirty minutes, 
then the temperature is elevated to 80°C, and addition of feed solution [203.2 grams sodium 
AMPS (50%) and 291.4 milliliter distilled water] is begun at rate of 11 grams per minute. Add 
up to 3747 milliliters of distilled water as thickening occurs. After addition of feed, watch 
temperature for exothermic conditions. A second potassium persulfate solution (0.333 grams of 
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potassium persulfate and 83.3 milliliters of distilled water) is added. 3-4 minutes later, a sodium 
metabisulfite solution (0.167 grams of sodium metabisulfite and 83.3 milliliters of distilled water) 
is added. The flask temperature is held at 80°C while distilled water (of a 4167 milliliter amount) 
is added in amounts to avoid thickness. The flask is held at 80°C with water addition for about 
an hour, at which time a sampling is checked for residual monomer presence. If residual 
monomer presence is too much, continue holding at 80°C until monomer amount is acceptable. 
Then add remaining water (of 3747 ml), and additional water (up to 500 ml) if needed, and mix 
well. Cool and recover. 

EXAMPLE 3 

Preparation of AMPS/PAM/VPA Teroolvmer 

A flask is charged with 145.0 milliliters of distilled water, 21.75 grams of acrylamide and 
4.0 grams of sodium 2-acrylamido-2-methylpropanesulfonic acid monomer (50%) and heated 
under nitrogen to 70°C. Add approximately 1 gram solid sodium hydroxide to adjust pH to 
about 7. Then 0.005 grams of potassium persulfate in 5 milliliters distilled water is added and 
the temperature permitted to rise to 80°C. As mix thickens, add 5 milliliters distilled water. 
Over a period of about one hour add a feed of 25.0 milliliters distilled water, 11.78 grams of 
sodium 2-acrylamido-2-methylpropanesulfonic acid monomer (50%), and 0.40 grams of 
vinylphosphoric acid monomer, together with 2.4 grams of a 10% sodium hydroxide solution to 
adjust the pH of mix to about 7. As mixture thickens add distilled water (approximately 90 
milliliters total over addition period). Fifteen minutes after addition of feed, add 15 milliliters of 
distilled water. About thirty minutes later, add 0.2 grams of potassium persulfate together with 
5 milliliters of distilled water, after 3-4 minutes, add 0.1 grams sodium metabisulfite together 
with 5 milliliters of distilled water. Maintain the temperature of the mixture remains at about 
80°C. Add 200.0 grams of cold distilled water. Continue heating to elevate to 80°C and 
continue mixing for approximately three hours. Recover. Sample analysis: 5.88% solids; 
0.069% residual monomers; 3.4027 intrinsic viscosity (e.g. Mark-Houwink-Sakurada 
Constants); molecular weight of 999,024.65. 

EXAMPLE 4 

Use Of Pplymers in Papermakinq 

Handsheets were made using a 75% hardwood / 25% softwood blend of bleached 
northern Kraft pulps, co-refined at 1 .6% consistency to an endpoint of 400 Canadian Standard 
Freeness. The refined pulp was diluted to 0.3125% consistency for papermaking. Hereon 75 
cationic alkyl ketene dimer emulsion was added to the furnish at the rate of 0.25%. Polymer 
consisting of either unfunctionaiized polyacrylamide, copolymer of acrylamide and 2- 
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acrylamido-2-methylpropanesulfonic acid (AMPS) or a terpolymer of the PAM, AMPS and 
vinylphosphonic acid (VPA) was added to the furnish at the rate of 0.25% when specified. 
Albacar 8 HO precipitated calcium carbonate was added to the furnish batch for each set of 
handsheets in amounts adjusted to achieve filler levels of approximately 14, 21, and 28%. 

5 Stalok 400 cationic potato starch was added to the furnish at 0.75% when specified. Reten 
1523 anionic polyacrylamide retention aid was added to the furnish at the rate of 0.025%. Each 
furnish batch was then divided into four aliquots to produce 2.5 gram handsheets (60.6 g/m 2 ). 
After each handsheet was formed on the Formax (Noble & Wood type) sheet former, it was 
pressed between a stainless steel roll and a rubber roll at 20 psi, while sandwiched between 

10 pieces of paper machine "wet felt" material. These handsheets were dried on a 115°C drum 
dryer, then conditioned and tested under TAPPI standard conditions of 23°C and 50% relative 
humidity. The results of the testing are shown in Figures 1 and 2. 

EXAMPLE 5 
15 Glass Transition Temperatgres 

Differential scanning calorimetry analysis was performed on five polymer composition 
sample to determine the presence of singular glass transition temperatures. The results are 
presented in the following table: 

20 



Sample 
No. 


Molecular 
Weight 


AMPS 


PAM 


VPA 


Glass 

Transition 

Temperature 


1 


2,100,000 




100 




120.9 


2 


1,800,000 


10 


90 




110.93 


3 


1,000,000 




90 


10 


78.78 


4 


500,000 ; 


. 10 


85 


5 


83.63 


5 


1,000.000 


10 


89. 


1 


96.87 °C 



Molecular weights determined by intrinsic viscosity method. 
AMPS - weight percent 2-acrylamido - 2 - methylpropane sulfonic acid. 
25 PAM - weight percent polyacrylamide. ' 

VPA - weight percent vinylphosphonic acid. 
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A polymer composition comprising a polymeric core; one or more phosphonated 
substituents and one or more sulphonated substituents; and optionally, one or more 
cationic or neutrally charged amide substituents. 

The composition of Claim 1 wherein the polymeric core comprises one or more polymer 
units selected from alkylic units and vinylic units. 

The composition of Claim 1 or Claim 2 wherein the phosphonated subsitutent(s) are of 
the formula - A - P(=0)(-OD 1 )(-OD 2 ) I wherein "P" is phosphorus; "CT is oxygen; and "A" 
is selected from a carbon-tb-phosphorus link or from an unsubstituted or substituted (C,- 
C 6 ) alkylene, wherein the substituent is independently selected from (C,-C 3 ) alkyls 
and halogens, or from a carbonyl (-CO), carbonylaminos. alkylenecarbonylaminos, 
carbonylaminoalkylenes, or alkylenecarbonylaminoalkylenes; and "D" is a hydrogen 
proton or a salt moiety selected from aluminium, calcium, iron, lithium, magnesium, 
potassium, sodium, titanium and zinc ions. 

The composition of any of the preceding claims wherein the sulphonated substituent(s) 
are of the formula - A - S(=0) 2 (-OD 1 ), wherein M S W is sulphur, u O" is oxygen; and M A W is 
selected from a carbon-to -sulphur link or from an unsubstituted or substituted (C^Cq) 
alkylene, wherein the substituent is independently selected from (C^Ca) alkyls and 
halogens, or from a carbonyl (-CO-), carbonylaminos, alkyllenecarbonylaminos, 
carbonylaminoalkelenes, or aikylenecarbonylaminoalalkylenes; and M D" is a hydrogen 
proton or a salt moiety selected from aluminium, calcium, iron, lithium, magnesium, 
potassium, sodium, titanius and zinc ions. 

The composition of any of the preceding claims wherein the cationic or neutrally 
charged amide substituent is of the formula - A t - C(=0)-N(B)R 1 R 2f wherein U C" is 
carbon; "O" is oxygen; W N W is nitrogen; "A/ is an unsubstituted or substituted (C,-C 6 ) 
alkylene, wherein the subsitutents are independently sleeted from (C^Ca) alkyls and 
halogens; and "B" is hydrogen, hydroxy!, or ether; and "FV and "R 2 " are each 
independently hydrogen, halogen or a (C!-C 3 ) alkyl. 

The composition of any of the preceding claims wherein the phosphonated substituent is 
selected from the group consisting of - P0 3 H 2 , - P0 3 (CH 3 ) 2 , - P0 3 (H)(CH 3 ), - CH 2 P0 3 H 2 , 
- CH 2 P0 3 (CH 3 ) 2l -CH 2 P0 3 (H)(CH 3 ), - C(=0) NH CH 2 P0 3 H 2 ; the sulphonated substituent 
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selected from the group consisting of - C(=0) NH C(CH 3 ) 2 CH 2 S0 3 H t - C(=0) NH CH 2 
S0 3 H, - CH 2 C(=0) NH C(CH 3 ) 2t -CH 2 S0 3 H, and - CH 2 C(=0) N(CH 3 )C(CH 3 ) 2 CH 2 S0 3 H; 
and the amide substituent selected from the group consisting of -C(=0) NH 2 , - 
CH 2 C(=0) NH 2 - C(=0) NH CH 3> and - C(=0)N* (CH 3 ) 3 . 

The composition of Claim 6 in which the phosphonated substituent is -P0 3 H 2 ; the 
sulphonated substituent is -C(=0) NH C(CH 3 ) 2 CH 2 S0 3 H; and the amide substituent is - 
C(=0)NH 2 . 

The composition of any of the preceding claims wherein the ratio of phosphonated 
substituents to sulphonated substituents is 10/90 to 1/99. 

The composition of any of the preceding claims wherein the ratio of the amide 
substituent to the phosphonated substituents is 10/1 or higher. 

The composition of any of the preceding claims wherein the average molecular weight 
of the composition ranges from 100,000 to 20,000,000. 

The composition of any of the preceding claims wherein there is less than 1 5 wt % 
cross-linking. 

The composition of any of the preceding claims wherein the cross-linking is less than 1 
wt%. 

A method for the manufacture of paper comprising the addition of a composition of any 
of the preceding claims to a paper furnish. 

A method according to Claim 13 in which the furnish also contains one or more fillers. 

The method of Claim 13 or Claim 14 further comprising the addition of starch to the 
paper furnish. 

The method of Claim 15 wherein the starch is ethylated or oxidised starch or potato 
based or com starch. 

The method of Claim 15 or Claim 16 wherein the amount of starch ranges from about 
five to about fifty pounds per ton of paper. 
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The method of any Claims 13 to 17 wherein the amount of the polymer composition 



A paper composition containing fillers, containing a composition comprising a polymeric 
core; one or more phosphonated, one ore more sulphonated substituents; and 
optionally, one or more cationic or neutrally charged amide substituents. 

A paper composition according to Claim 19 also containing starch. 

The paper of Claim 20 wherein the starch is ethylated or oxidised starch or potato used 
cornstarch. 



ranges from about one to about ten pounds per ton of paper. 
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